Introduction
Over the past ten years, frailty and sarcopenia have been recognized as major public health issues, because they are both prevalent in the elderly and associated with negative health-related events, the latter being both easily detectable clinically and relatively simple to prevent or treat 1, 2 
. The European Society for Clinical and Economic
Aspects of Osteoporosis and Osteoarthritis (ESCEO) set up a working group on sarcopenia and frailty because they saw a strong link between these conditions and the skeletal diseases that are that society's focus 3 . Therefore, special attention has been given to frailty 4 and sarcopenia 5 . For some time now, these geriatric syndromes have been studied in parallel and have overlapping phenotypes, but the causal relationship existing between the two is still controversial 6 . Determining whether frailty is due to sarcopenia, or that sarcopenia is a clinical manifestation of frailty, is a current focus of research. Sarcopenia was initially described by Rosenberg as the universal loss of muscle mass and strength inherent in the ageing process factor in the frailty cycle because all factors that trigger its development are related to the musculoskeletal system 10 . Thus, there is a deeper connection between these geriatric syndromes since sarcopenia is involved, as a main factor, in the development of the frailty syndrome. Frisoli et al. showed that sarcopenia was individually associated with frailty, though not statistically significant [odds ratio (OR): 3.1; 95% confidence interval (CI): 0.88-11.1]
11
. have also shown that there were significantly more frail subjects among sarcopenic subjects (34.2%) than among non-sarcopenic ones (12.6%) (p-value=0.03) 12 . These studies were performed in community-dwelling elderly people but, as yet, the association between frailty and sarcopenia in a nursing home setting has never been studied. Thus, the aim of this study was to investigate the relationship between frailty and sarcopenia, by evaluating the prevalence of sarcopenia among frail, pre-frail and robust elderly nursing home residents in Belgium.
Methods

Study design
This study was conducted using baseline data collected among the SENIOR (Sample of Elderly Nursing home Individuals: an Observational Research) cohort 13 , a prospective longitudinal study of Belgian nursing home residents. The study was approved by the Ethics Committee of the University Teaching Hospital of Liège under number 2013/178 and was registered on clinicaltrials.gov.
Population
Residents included in the SENIOR cohort and from 28 different nursing homes in Belgium were included in this analysis if they met the selection criteria: (1) to be oriented, to provide informed consent (Mini-Mental State Examination (MMSE) score above 18), (2) to be able to stand and walk (walking aids allowed), (3) to be a volunteer. Some tests or devices also involve specific exclusion criteria. For example, those for Bioelectrical Impedance Analysis (BIA) devices are: presence of an electronic implant (heart pacemaker, brain stimulator), body mass index over 50 kg/m 2 and limb amputation.
Data collected
Diagnosis of sarcopenia
The definition of sarcopenia proposed by the EWGSOP was applied for this research 14 . According to these experts, sarcopenia diagnosis is based on the evidence of low muscle mass plus either low muscle strength or low physical performance: -Muscle mass was assessed using Bioelectrical Impedance Analysis (BIA) using an InBody S10, Biospace device (Biospace Co., Ltd, Korea/Model JMW140) which allows estimation of the appendicular lean mass divided by the square of body height. BIA is based on the notion that tissues rich in water and electrolytes (i.e. skeletal muscles) are less resistant to the passage of an electrical current than lipidrich adipose tissues (i.e. bones) 15, 16 . All BIA systems exploit these tissue-specific conductivity differences to quantify body-compartments. In bioimpedance measurements, the human body is divided into five inhomogeneous segments, two for the upper limbs, two for the lower limbs and one for the trunk 17 . This non-invasive and easy to use method estimates the volume of fat and lean body mass based on the relationship between the volume of a conductor and its electrical resistance. Volunteers were seated on a chair and tactile electrodes were placed at 8 points on the body to achieve a multi-segmental frequency analysis. Gelled tissues were used to obtain optimal electrical conductance (i.e. inBody Tissue, Biospace CO.n Ltd: NaCl0.9%, isothiazlin 15 ppm, DDAC 150ppm). Threshold criteria for sarcopenia, when using bio-electrical impedance analysis, were 8 , is a function of deficits in some five domains. Thus, the phenotype of frailty was identified by the presence of three or more of the following components: weight loss (self-reported unintentional weight loss of more than 4.5 kg in the past year) or loss of appetite, weakness (dynamometer-measured grip strength below the established threshold based on sex and BMI), poor endurance and energy (self-reported exhaustion measured by two items from the Centre for Epidemiological Studies' depression scale), slowness (walking speed over a distance of 4.5 m below the established threshold based on sex and height) and low physical activity level (self-reported time spent in physical activity in the past 7 days based on the Minnesota scale below the established threshold based on sex). The presence of one or two deficits indicates a pre-frail condition, and a total of three or more deficits indicate frailty, while the absence of deficits indicates a robust state.
Then, frailty was assessed using 9 other operational definitions: Clinical Frailty Scale (CFS) 22 , Edmonton Frail Scale (EFS) 23 , Frail Scale Status 24 , Frailty index 25, 26 , Groningen Frailty Indicator (GFI) 27 , Sega grid 28 33 . Nutritional status was assessed using the Mini Nutritional Assessment (MNA). This test comprises two parts: a screening part followed by an assessment part. If the score obtained for the screening section was 12 or more points out of the 14 total possible points, the subject was classified as well-nourished and did not need to complete the assessment part. If the subject presented a screening score of 11 points or less, the assessment part had to be completed. The full evaluation is scored on 30 points. A score of 24 points or more indicates that the subject is wellnourished, a score between 17 and 23.5 points indicates a risk of malnutrition, and a score lower than 17 points indicates malnutrition 34 . Quality of life was assessed using the Short-Form 36 (SF-36) questionnaire. This is a 36-item questionnaire that measures quality of life (QoL) across eight domains that are both physically and emotionally based. The eight domains that the SF-36 measures are as follows: physical functioning, role limitations due to physical health, role limitations due to emotional problems, energy/ fatigue, emotional well-being, social functioning, pain and general health. In summary, an aggregate percentage score is produced for each of the eight domains that the SF-36 measures. The percentage scores range from 0% (lowest or worst possible level of functioning) to 100 % (highest or best possible level of functioning) 35 . Gait and body balance was assessed using 4 tests: (1) the Tinetti test 36 which consists of 16 items: 9 for body balance and 7 for gait. The maximum score is 16 for body balance, 12 for gait and thus 28 for the global score (balance + gait). A score below 19 indicates a high risk for falls, a score between 19 and 24 indicates a moderate risk for falls, and 28 points indicates no risk of falls. (2) The "Timed Up and Go" test 37 which measures basic mobility and capabilities of dynamic equilibrium in a complex task in the elderly. From a sitting position, the subject has to stand up, walk 3 m, turn over, walk back and sit down again. The time needed to complete the task is recorded and used for analyses 38 . A time of more than 30 seconds indicates a high level of dependence. A time of between 20 and 30 seconds indicates uncertain mobility and risk of falling. A time of less than 20 seconds indicates independence of the subject. (3) The "Short Physical Performance Battery" test 14 which is composed of three separate tests: balance, 4-metre gait speed and chair stand test. A score between 0 and 4 is assigned for each test, which are weighted equally. Therefore, the maximum score is 12 points. The cut-off value used to assess a poor physical performance is ≤8 points, according to the EWGSOP. (4) the gait speed test 14 , is also proposed by the EWGSOP. A score <0.8 m/s for walking speed is considered as poor physical performance 14 . Patients were instructed to walk as fast as they could safely, without running from one cone to the other, placed at 4 m.
Isometric strength of 8 different muscle groups
The relative isometric strength (i.e. strength per kg) of 8 different muscle groups (i.e. knee flexors and extensors, ankle flexors and extensors, hip abductors and extensors and elbow flexors and extensors) was assessed using a hand-held dynamometer according to the protocol defined by Buckinx 39 . The protocol consisted of three consecutive maximal contractions for each muscle group, preceded by 3 warm-up trials. The three measurements were performed with 30 seconds intervals between contractions and the highest performance was considered for analysis. Subjects were asked to gradually increase their muscle force to a maximum effort which had to be sustained for six seconds. Measurements were performed on the dominant side (writing hand and kicking leg). The testing positions have been described elsewhere 39 .
Statistical analysis
Quantitative variables that were normally distributed were expressed as a mean ± standard deviation (SD), and quantitative variables that were not normally distributed were reported as the median and percentiles (P25-P75). ShapiroWilk's test verified the normal distribution of all parameters. Qualitative variables were reported as absolute and relative frequencies (%). The prevalence of frail and sarcopenic subjects was calculated by means of the descriptive statistics. Logistic regressions analysis, adjusted on confounding variables (age, sex and number of comorbidities) was used to test the association between the presence of sarcopenia and frailty. Then a comparison between characteristics of sarcopenic and non-sarcopenic subjects was performed Table 1 . Prevalence of each component of sarcopenia in the total population, among frail and among pre-frail subjects.
Total population n (%) Prevalence of Frailty n (%) Prevalence of pre-frailty n (%) Muscle mass:
Men 
Results
Population
A total of 662 subjects from the SENIOR cohort and living in 28 nursing homes in the area of Liège, Belgium, were included in this analysis. The mean age of the population was 83.2 ± 8.99 years and 73.1% of the residents were women. The mean BMI was 25.9 ± 5.52 kg/m 2 . In this population, the main components of sarcopenia were evaluated and the mean SPPB score was 5.56 ± 3.23 points, the mean grip strength was 18.6 ± 10.9, the mean appendicular lean mass divided by the square of body height was 8.46 ± 6.47 kg/m 2 . The totality of the baseline characteristics of the subjects are presented elsewhere 13 .
Prevalence of frailty and sarcopenia
In the study population, 24.7% of the subjects were frail (i.e. 27.3% of women and 19.2% of men) and 61.4% were pre-frail (i.e. 59.6% of women and 62.4% of men), according to Fried's definition. The prevalence of sarcopenia was 38.1% in this population (i.e. 36.2% of women and 43.1 % of men).
The prevalence of sarcopenia according to the frailty status (i.e. Fried definition) showed that47% of frail subjects were sarcopenic. Among pre-frail subjects, 38.9% were sarcopenic and the proportion of sarcopenia among robust subjects was 16.3%.
After adjustment on age, sex and number of co-morbidities, the probability of being sarcopenic when the patient is frail is increased by 2.36 (OR= 2.36, 95% CI=1.31-4.13; p=0.004). Conversely, the probability of being frail when the patient is sarcopenic is increased by 2.33 (OR=2.33, 95%CI=1.31-4.14; p=0.003). Table 1 shows the number of subjects below the cut-off defined by the EWGSOP for each component of sarcopenia (i.e. muscle mass, muscle strength and physical performances), among the total population, frail and pre-frail subjects. Low muscle mass is observed among 26.7% of the men and among 76% of the women. Dynapenia or low muscle strength is observed among 87.7% of the women and among 20.5% of the men. A low physical performance is observed among 66.2% of the population. Figure 1 shows the prevalence of each component of frailty (i.e. Fried definition) among frail, pre-frail and sarcopenic subjects. Regarding Fried's five component, the majority of sarcopenic subjects have weakness and almost 50% of them have a low level of physical activity. These are also the components most found among frail subjects.
The prevalence of sarcopenia among frail subjects, diagnosed according to ten different operational definitions of frailty, ranged between 32.8 % (i.e. Frail Scale status and Frailty Index) and 47% (i.e. Fried definition). The prevalence of sarcopenia among frail subjects, stratified by gender and age, according to the median age of the population (i.e. 85 years), is presented in Table 2 .
Comparison between sarcopenic and non-sarcopenic subjects among frail, pre-frail and robust subjects
As expected, certain clinical and demographic characteristics differ between subjects with sarcopenia and those without sarcopenia (Table 3 ; p=.004). Among pre-frail and robust subjects, sarcopenic are older than non-sarcopenic (85.9±8.14 vs. 82.1±9.12; p<0.0001 and 82.6±5.63 vs.76.7±8.8, p=.02; respectively). Robust subjects with sarcopenia have globally lower physical and muscular performances than subjects without sarcopenia. The first group have a lower Tinetti score (6.79±2.49 vs. 9.03±1.94 points; p<.0001), a higher time to perform the Timed Up and go test (17.3±7.59 vs 16.6±4.36 seconds; p=.01). Their isometric strength of the ankle extensors is also lower compared to non-sarcopenic subjects, among frail subjects (p=0.02).
Discussion
This study made it possible to assess the relationship between frailty and sarcopenia in a population of nursing home residents, by evaluating the prevalence of sarcopenia among frail, pre-frail and robust elderly nursing home residents in Belgium.
First, this study highlights that, in the population studied, the prevalence of sarcopenia is 38.1% whereas the prevalence of frailty and pre-frailty is respectively 24.7% and 61.4%. Another Belgian study, the Belfrail study, has shown a prevalence of sarcopenia of 12.5% among subjects aged 80 years and over 40 . In the SarcoPhAge study, a Belgian cohort of volunteer subjects aged 65 years or more, the prevalence of sarcopenia was very close to that obtained in Belfrail (i.e. 13.7%). Prevalence of sarcopenia in the present study, the SENIOR cohort, is about 3 times higher, which can be explained by the particular population that was studied. Indeed, both Belfrail and SarcoPhAge are focused on community-dwelling elderly people whereas SENIOR is focused on nursing home residents. It is admitted that the prevalence of sarcopenia increases in a nursing home setting 41 . There is a close association of the degree of sarcopenia with dependence among residents 42 . The pathophysiology of sarcopenia in this population is strongly influenced by comorbidity and often there is a significant overlap with the cachexia syndrome, which could explain such a high prevalence 14 . Landi et al (2012) found a prevalence of sarcopenia among nursing home residents comparable with the one in our study (i.e. 32.8%) 43 . In a Spanish multi-centre study, sarcopenia was demonstrated in 37% of subjects (15% men, 46% women), which is also quite close to our prevalence 44 . In addition, an Australian study performed in 11 nursing homes identified 40.2% of sarcopenic subjects 45 . Among a Turkish cohort, the prevalence of sarcopenia (i.e. 29%) is also comparable to that observed in the SENIOR cohort 46 . When regarding the prevalence of frailty, it varies from 4.0% to 59.1% in community-dwelling elderly adults 47 . According to Fried, the mean prevalence of frailty among subjects aged 80 years or more is 16.3% 10 . In the SENIOR cohort, we observed a slightly higher prevalence (i.e. 24.7%) but this is in agreement with the scientific literature which reports a higher prevalence among nursing home residents than in community-dwelling people 1 . A Polish cohort reports a prevalence of frailty of 34.9% in nursing homes assessed with the Clinical Frail Scale which is around 3% lower than that found in the present study with the same definition 48 . A Canadian cohort shows a prevalence of 48% in the same environment 49 . The comparison between studies is difficult because the lack of consensus and the variation in the operational definition used to diagnose frailty.
Thus, to the best of our knowledge, this study is the first to evaluate the prevalence of sarcopenia according to the frailty status in a population of nursing home residents. The results highlight that among frail, pre-frail and robust subjects, respectively 47%, 38.9% and 16.3% were diagnosed sarcopenic. This suggests that frail subjects are more at risk of being sarcopenic and it confirms the assumption that sarcopenia is a major component in the development of frailty 50 . Note that the definition used to asses frailty (i.e. Fried's definition) has not been validated in a population of nursing home residents. To the best of our knowledge, all existing tools to assess frailty have not been tested in this specific population. Because Fried's definition is the most widespread in the literature, we chose to use it. Moreover, this study has shown that sarcopenic subjects have around a twofold increased probability of frailty compared to nonsarcopenic subjects. This corroborate those of a recent study which demonstrated that pre-frail elderly individuals were significantly more likely to have sarcopenia than non-frail elderly individuals [odds ratio (OR): 2.77, 95% confidence interval (CI): 1.05-9.26]
51
. The main component of physical frailty found in sarcopenic subjects from the SENIOR cohort is weakness. This seems obvious since the 2 geriatric syndromes included this measure in their definition. Weakness is the most common first manifestation of the frailty syndrome 52 , which explains its high frequency. Indeed, it affects respectively 96.1% and 72.4% of frail and sarcopenic subjects in this research. Given that weakness is the cardinal feature of the frailty syndrome, sarcopenia is likely a key pathophysiologic contributor to frailty 53 . Investigators in Europe and Asia consider sarcopenia research a potentially useful initial step towards interventional studies of the frailty syndrome 54, 55 . Finally, differences between sarcopenic subjects and non-sarcopenic ones have been highlighted in the present study. This confirms, in a particular population of nursing home residents, findings from previous work in other populations. The same differences between sarcopenic and healthy subjects were observed in the SarcoPhAge study 12 . We found that BMI was lower in sarcopenic subjects than in non-sarcopenic subjects, which was to be expected in so far as sarcopenic subjects presented a lower amount of muscle mass. In this study, among robust subjects, the quality of life related to emotional role functioning of subjects affected by sarcopenia had deteriorated. By now, few studies have reported data concerning quality of life for sarcopenic subjects. This is probably due to the lack of specific tools to measure the quality of life of sarcopenic subjects. have developed a questionnaire for this purpose which can be used in future studies 56 . As expected, our study indicates that sarcopenic subjects show lower physical and muscular performances. This is not surprising since these elements are part of the definition of sarcopenia that we used. It is also encouraging because if physical and muscular performances are strategically addressed, could reduce the burden of sarcopenia and frailty. This had been recently demonstrated among community-dwelling older people and could be tested among nursing home residents 57 . This study included an original measure of relative isometric muscle strength and highlighted that relative muscle strength of the ankle extensors, among frail subjects, was significantly different between sarcopenic and non-sarcopenic subjects. Among the 8 muscle groups explored, this one seems the most discriminating for sarcopenia. Among pre-frail and robust subgroups, sarcopenic subjects have also a higher number of comorbidities than non-sarcopenic ones. This is probably due to the overlapping between cachexia and sarcopenia observed among frail subjects. Indeed, the cause behind the loss of muscle mass (whether cachexia or sarcopenia) may, however, be indistinguishable in clinical practice 58 . It is admitted that sarcopenia is often related to multiple pathologies and comorbidities which can also compromise the measurement of its prevalence 2 . This study has a number of strengths. Not only was it conducted on a large sample of nursing home residents, but it also took into account a considerable number of sociodemographic and clinical variables. However, the study is unfortunately limited in its external validity because of the nonrepresentativeness of the sample. The sample is composed of volunteer subjects, able to walk and not disoriented. Then, the lack of medical data of the population should be taken into account to obtain more precise data on prevalence of frailty and sarcopenia. Then, a single definition of sarcopenia was used. However, there are many such definitions in the literature and the choice of the definition undoubtedly influences the measure of prevalence. Finally, BIA is sensitive to water and food intake prior the measurement. This has not been standardized, which may have influenced muscle mass measurements. Nevertheless, this bias is limited in nursing homes setting because residents receive similar meals at identical time. Note that no currently technique serves all the requirements for the measurement of muscle mass. Each has limitations and in particular, there is dearth of information on accuracy. Major disadvantages of CT scan, MRI or DXA are limited acces to the radiological department which operate it, considerably higher cost than BIA and radiation exposure.
In practice, more attention should be given to frail subjects for the prevention of sarcopenia because there is a link between these two diseases. It would be important to facilitating the translation of the two conditions in the clinical arena. Freeing the concepts of sarcopenia and frailty from what can be perceived as only indirectly related to the target organ (i.e., skeletal muscle) may indeed represent a possible solution for combining them into a unique, objective, standardized, and clinically relevant definition. This is a way to explore in future research.
In conclusion, this research highlights that over a third of nursing home residents are sarcopenic and the percentage is almost 50% among frail subjects who constituted about 1 in 4 of the population of nursing home residents studied here. Thus, sarcopenia seems to be associated with many sociodemographic and clinical components making this geriatric syndrome a potential public health issue.
